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LASER SYSTEM AND METHOD FOR TREATMENT OF BIOLOGICAL TISSUES 

Related Application^): 

This Patent Application claims priority under 35 U.S.C. 119 (e) of the co-pending U.S. 
Provisional Patent Application, Serial No. 60/275,828, filed March 13, 2001, and entitled 
"MEDICAL LASER SYSTEM". The Provisional Patent Application, Serial No. 60/275,828, 
filed March 13, 2001, and entitled "MEDICAL LASER SYSTEM" is also hereby incorporated 
by reference. 

Field of the Invention : 

The present invention relates to systems for and methods of treating biological tissue and 
vascular biological tissue. More specifically, this invention relates to systems for and methods of 
treating biological tissues and vascular tissues with laser radiation that are within an enclosed 
space or within a cavity of the body, such as vascular ophthalmic tissues. 

Background of the Invention: 

Proliferative diabetic retinopathy (PDR) and proliferative vitreoretinopathy (PVR) are the 
most common causes of permanent or severe visual loss associated with retinal detachment. At 
the core of visual loss in both of these diseases is the growth of fibrous and/or fibro-vascular 
membranes, referred to generally herein as FVMs. The FVMs grow or develop on or near the 
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surface of the retina. The growth of FVMs causes tractional retinal detachments, combined 
tractional-rhegmatogenous retinal detachments, and vitreous hemorrhages. Prior to the 
development of vitrectomy, severe cases of proliferative vitreoretinopathy that underwent 
conventional scleral buckle failed to reattach the retina in up to 70% of cases (Yoshida et al., 
5 1984; Grizzard and Hilton, 1982). With the advent of photocoagulation and vitrectomy, great 
progress has been made over the past 30 years in treatment and management of proliferative 
diabetic and vitreoretinopathy. Success of reattaching retinal tissue with patients having severe 
PVR has been reported between 36 and 80% overall (Machemer and Lagua, 1978; Aaberg 1988; 
Hanneken and Michels, 1988; Fishe et al., 1988; The Silicon Oil Study Group, 1992). Success 

10 rates were decreased when eyes had already failed vitrectomy or when anterior membranes were 
present (Lewis and Aaberg, 1991). In diabetics the prognosis is even worse. When eyes with 
vitreous hemorrhage and preoperatively attached maculas undergo vitrectomy to remove blood 5 
to 17% of eyes, are reported to lose light perception and only 40-62% regained visual acuity of 
20/200 or better (DRVS 1985 and 1990; Machemer and Blankenship, 1981; Michels et al, 1983; 

15 Thompson et al, 1987; Rice et al, 1983). In eyes with traction retinal detachment of the macula 
20/200 vision was regained in 21 to 58% and loss of light perception occurred in 1 1 to 19% 
(Aaberg 1978; Aaberg and Van Horn, 1978; Hutton et al, 1980; Rice et al, 1983). When retinal 
detachment was both rhegmatogenous and tractional only 25 to 36% regained 20/200 or better 
vision and loss of light perception ranged from 9 to 23%. 

20 In order to repair retinal detachments caused by PDR and PVR the surgeon must relieve 
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traction and close all breaks. Some residual traction outside the macula is acceptable provided 
that it does not prevent the surgeon from closing a break. During vitreoretinal surgery, FVMs are 
removed from the surface of the retina by careful mechanical dissection. The surgeon has several 
tools at his or her disposal to aid in the removal of fibro vascular tissue from the retina. These 
tools include various scissors, knives, picks, forceps and other cutting devices (e.g. vitrector). 
This process is tedious, time consuming and very labor-intensive. Further, mechanical dissection 
exerts traction on the retina and can lead to complications like hemorrhage, resulting in the 
formation of a retinal hole, failure to remove enough of the FVM tissue or failure to close a 
retinal break. 

Many of these complications are a direct result of the mechanical nature of the dissection 
of FVMs. For example cutting FVMs with scissors often results in bleeding which reduces 
visibility and results in clot formation. The clots can adhere to the surface of the retina and 
FVMs and cause traction or reduce visibility. To control bleeding requires that the surgeon 
elevate the intraocular pressure and slowly lower it back to normal while waiting for the bleeding 
to stop. The surgeon must usually change instruments to clear the hemorrhage before resuming 
the operation. Also, a retinal break sometimes forms when adherent FVMs are removed from the 
delicate retinal surface. When this happens all traction near the break must be relieved, the break 
must be marked and treated with a laser once the retina is reattached. These complications can 
occur numerous times during the course of a single surgery adding to the time required to 
complete the procedure. Increased surgical time results in increased fatigue, increased risk of 
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surgical error, increased risk of surgical failure, increased need for re-operation, increased 
likelihood of severe vision loss, and increased cost to the healthcare system and society. Further, 
there is an increased risk to the patient from the prolonged exposures to general anesthesia. 

Many types of lasers have been tried in the search for more effective means of removing 
membranes from the surface of the retina including Excimer (ArF), Carbon Dioxide C0 2 , 
HolmiumrYAG, Erbium:YAG, and other infrared lasers (Hemo et al, 1997; Lewis et al., 1992; 
Palanker et al., 1994; Tsubota 1990; Peyman and Katoh, 1987; D'Amico et al., 1994; Bende et 
al., 1989; Walsh et al, 1989; Cummings and Walsh 1993 Karlin et al., 1986; Bridges et al., 1983; 
Meyers et al., 1983; Miller et al., 1980; Borirakchanyavat et al.,1991;). However, to date laser 
systems and methods have not been discovered which are suitable for routine laser assisted 
vitreoretinal surgery. 

The Excimer laser, or argon fluoride laser, with a wavelength of 193 nm has been 
evaluated for vitreoretinal surgery in both air and fluid filled eyes (Hemo et al., 1997; Lewis et 
aL, 1992; Palanker et al., 1994). The Excimer laser is capable of extremely precise ablation of 
retinal tissue with apparently few complications. However, difficulties with size, cost, 
maintenance, delivery systems and possible mutagenicity of ultra violet wavelengths have 
hampered development of Excimer and other similar lasers for vitreoretinal surgery (Pellin et al., 
1985; Marshall and Sliney, 1986). 

Because of the numerous shortcomings of the currently available laser systems and 
methods, what is needed is a laser system and method which allows vitreoretinal surgeons to cut 
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and cauterize FVMs while reducing traction on the retina and also removing adherent FVMs by 
ablation. 

SUMMARY: 

5 The instant invention is directed to a system for and method of treating a target area of 

biological tissue with laser radiation. Preferably, the biological tissue is ophthalmic tissue having 
one or more FVMs on or under the retinal surface of a human eye. Preferably, the FVM is 
categorized prior to treating the ophthalmic tissue with the laser radiation, wherein separations 
between underlying retinal tissue and the FVMs, the thickness of FVMs, and the nature of the 

10 attachments of FVMs, are determined or characterized prior to laser treatment. The laser assisted 
vitreoretinal surgery is then tailored to minimize the potential for damage to healthy ocular tissue 
surrounding the membranes. Variables that can be adjusted in order to tailor the laser assisted 
vitreoretinal surgery, include but are not limited to the laser sequence (burst and/or pulse 
sequence), the laser power, the endo-probe configuration(s) used and/or the presentation angles 

1 5 selected to treat and/or dissect the membranes. 

In a preferred method of the instant invention, the separations of the FVM(s) from the 
underlying retinal tissue can be optically measured using a microscope and the laser power can 
be adjusted to have an effective penetration depth that is less than or equal to the separation of 
the FVM(s) from the underlying retinal tissue. The effective penetration depth of a laser pulse 

20 sequence and optical configuration used can be estimated by measuring the penetration depth of 
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the laser radiation in saline solution or other material having similar absorption properties to the 
ophthalmic tissue to be treated. During the laser treatment of the ophthalmic tissue, the laser 
penetration depth can be controlled by adjusting the approach angle, the distance between 
emitted laser light, the laser pulse sequence and/or power. Further, the endo-probes used to 
deliver the laser radiation to the ophthalmic tissue during the procedure are preferably tested with 
a radiation sensitive means prior to dissecting one or more of the FVMs. 

Preferably, laser light is delivered to the target area in a sequence of laser bursts. The 
laser bursts are preferably repeated with a repetition rate of 5.0 KHz or less and are more 
preferably repeated with a repetition rate in a range of 40 to 10 Hz. The laser pulses delivered to 
the tissue preferably have laser fluences that are in a range of 1 .0 to 10 J/cm 2 per pulse and are 
more preferably in a range of 2.0 to 7.0 J/cm 2 per pulse. Each laser burst preferably comprises 2 
to 20 laser pulses and more preferably comprises 4 to 12 laser pulses. The laser pulses are 
preferably separated by less than 2.0 milliseconds and are more preferably separated by 0.01 to 
1.25 milliseconds. Further, the laser pulse widths are preferably less than 100 microseconds and 
more preferably are within a range of 65 to 95 microseconds. The particular laser pulse and 
sequence that is chosen will depend on the nature of the tissue being treated and the intended 
outcome. In some instances it is preferable to vary laser pulse and sequence over the course of 
the procedure. 

During laser assisted vitreoretinal surgery, laser radiation is delivered to the target area 
with exposure spot sizes that are preferably less than 300 microns and are more preferably in a 
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range of 50 to 225 microns. The laser radiation preferably has an effective penetration depth of 
less than 1.5 mm, wherein the effective penetration depth corresponds to a distance at which 90% 
of the laser energy is absorbed. The effective penetration depth of the laser radiation can be 
estimated by measuring the penetration depth of the laser radiation in a saline solution, such as an 
5 infusion fluid used to flush the surgical region around the eye during the surgery. 

A system for treating FVMs or other tissue(s), in accordance with the instant invention, 
comprises a laser source for generating laser radiation with a laser sequence, as described above. 
Preferably, the laser source comprises one or more Er: YAG laser sources for generating laser 
light with a wavelength of 2.94 microns. The laser pulse length and/or sequence is preferably 

10 selectable from a control panel, wherein bursts of laser light preferably comprise a plurality of 
laser pulses having laser fluences sufficient to cut the tissue without causing significant 
hemorrhaging to surrounding tissues (viz. causes the surrounding tissue to coagulate). 

The laser system preferably has an applicator and/or an optical configuration for 
delivering laser radiation to the target area during laser assisted vitreoretinal surgery. The optical 

15 configuration preferably comprises a delivery optical fiber for emitting the laser light onto the 
target area of the ophthalmic tissue. The delivery optical fiber is preferably a sapphire or fuse- 
silica optical fiber with a firing end having a diameter of 500 microns or less and more preferably 
having a diameter in a range of 50 to 225 microns. However, with the appropriate adjustments to 
the laser power and laser pulses, optical fibers with firing ends having diameters of 1.0 

20 millimeter or greater are contemplated. The laser source is preferably coupled to the delivery 
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optical fiber through a "matched trunk fiber" configured for focusing the laser light into the 
delivery optical fiber. The matched trunk optical fiber is preferably a sapphire trunk optical fiber. 

The delivery optical fiber is preferably housed within a hand-held endo-probe. The endo- 
probe is configured to guide the firing end of the delivery optical fiber near to the target area of 
FVMs or other tissue on the back surface of an eye. Preferably, the endo-probe is configured to 
guide the firing end of the delivery optical fiber near the target area at preferred angles such that 
FVMs can be selectively cut and removed from the back surface of the eye. 

In yet further embodiments of the instant invention, the delivery optical fiber is a side- 
firing optical fiber and/or the endo-probe housing is configured with a shielding feature to 
control, block or filter radiation emitted in unwanted directions from the delivery fiber. 

Brief Description of the Drawings: 

Figure 1 illustrates a schematic representation of a human eye. 

Figure 2 illustrates a schematic representation of a laser burst comprising a plurality of 
laser pulses, in accordance with the instant invention. 

Figure 3 a shows a block diagram outlining steps for treating fibrous vascular tissue, in 
accordance with the method of the instant invention. 

Figure 3b shows a block diagram outlining steps for pre-selecting laser radiation and 
endo-probes, in accordance with the instant invention. 

Figure 4 illustrates a laser system for treating ophthalmic tissue, in accordance with the 

8 



PATENT 

Atty Docket No. : SCI-00601 

instant invention. 

Figures 5a-d illustrate perspective views of endo-probe configurations, in accordance 
with the instant invention. 

Figures 6a-b illustrate perspective views of an endo-probe configuration with an 
adjustable delivery fiber that is configured to move in and out of a sheath housing, in accordance 
with the instant invention. 

Detailed Description of a Preferred Embodiment : 

Since most biological tissues contain significant amounts of water and since water 
strongly absorbs in certain narrow wavelength regions in the mid-infrared region of the spectrum, 
there has been a strong interest in lasers emitting in this region of the spectrum as an alternative 
to lasers emitting in the UV region of the spectrum (Peyman and Katoh, 1987; D'Amico et al., 
1994; Bende et al., 1989; Walsh et al., 1989; Cummings and Walsh 1993 Karlin et al., 1986; 
Bridges et al., 1983; Meyers et al., 1983; Miller et al., 1980; Borirakchanyavat et al.,1991). The 
Erbium laser is attractive for its low cost, size, simplicity, and reliability. 

The wavelength of the ErbiumiYAG laser is 2.94 urn and corresponds to one of the 
absorption peaks of water (Assolini et al., 1997; Hale and Querry, 1973; Walsh and Cummings, 
1994). Since water is the principal chromophore of the ErbiumiYAG laser, it has a relatively 
short penetration depth in aqueous medium and a high absorption in tissues that contain 
significant amounts of water. Because of the relatively short^penetration depth in aqueous 



PATENT 

Atty Docket No. : SCI-00601 

median (approximately 1 micron), radiant energy from the Erbium: YAG laser will generally not 
travel far once a membrane has been cut; when the membrane is cut in an aqueous environment. 
These factors make the selectable pulse length Erbium: YAG laser a. good device for providing 
laser radiation to ablate, dissect and/or remove FVMs in laser assisted vitreoretinal surgery or in 
other similar procedures for laser treatment of other biological tissues, especially biological 
tissues which are enclosed or are within a cavity of the body. 

A selectable pulse length Erbium:YAG laser can enable the surgeon to eliminate extra 
steps and reduce the risk of complications associated with conventional vitreoretinal surgery 
involving mechanical dissection. This advantage comes from the fact that the laser may allow 
the surgeon to cut and coagulate fibrovascular scar tissue in a single step as compared to three or 
four separate steps required by conventional vitreoretinal surgery. By eliminating steps required 
to control and clean unwanted hemorrhages, a surgeon can decrease the number of times the back 
portion of the eye is accessed and exited with a surgical instrument and hence reduce the risk of 
retinal tears near the vitreous base. Time saved by reducing the incidence of intra-operative 
hemorrhage can shorten total duration of the procedure, reduce surgeon fatigue and reduce the 
risk of post-operative complications, including complications that can result from time under 
anesthesia. Reducing the incidence of post-operative hemorrhage could also help decrease 
morbidity, shorten recovery time, and decrease the number of primary failures. 

Another potential advantage of using a selectable pulse length Erbium: YAG laser to 
dissect fibrovascular scar tissue over conventional techniques is that the Erbium laser may 
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provide surgeons with a tractionless (atraumatic) method of cutting fibrovascular scar tissue 
dissection. Traction or tension is unavoidable with conventional methods of surgery and can 
cause retinal hole formation, hemorrhage and trauma to the retinal cells and nerve fiber layer. 
All of these complications can negatively impact a patient's ability to recover vision and prolong 
the recovery period. 

The terms ablate and cut are distinguished herein by the aspect ratio of the injury created 
by the laser beam. Aspect ratio is defined as the ratio of the laser spot diameter to the depth of 
injury. In the application of the Erbium laser for skin surgery, the laser is said to operate in the 
ablate mode if the aspect ratio is greater than 10. In general this mode tends to use larger spot 
sizes relative to depth for tissue penetration of each pulse, thus allowing the surgeon to remove 
large areas of tissue with a single pulse. The typical spot sizes for ablation in skin resurfacing are 
2 to 4 mm with a depth of injury of approximately 100 microns per pulse giving an aspect ratio 
of greater than 10. The cut mode has an aspect ratio of less than 10. In general, cutting is 
performed with a laser spot size less than or equal to 300 microns with the same depth of 
penetration and energy settings per pulse as in the ablation mode, giving an aspect ratio less than 
10. 

Figure 1 shows a schematic cross-sectional view of a human eye 100. Detachment and 
other diseases of the retina 1 12 can be treated with laser radiation that travels through the lens 
106 and the vitreous humor 108 using a focusing lens and a suitable laser source, typically a red 
or green laser source (diode or Argon). The Fovea 109 , which is located in the macula 107, 
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where the receptors for central vision are located. Information is transmitted from the macula 
107 into the optic disc 113 and into the optic nerve 110. Proliferative diabetic retinopathy (PDR) 
and other proliferative or degenerative diseases of the retina 1 12 lead to the development of 
FVMs on or under the surface of die retina 112. The development of FVMs and/or scar tissue on 
or under the surface of the retina 112 can result in the complete loss of vision and/or retinal 
detachment. Treatment usually involves mechanically cutting the membranes from or dissecting 
the membranes from the back region of the eye 1 17 as indicated by the dotted line 115. The 
procedure is invasive, time consuming and has numerous complications, as previously described. 

The current invention is directed to a method for performing vitreoretinal surgery using a 
laser source to cut or remove fibrous vascular tissue from the back portion 1 17 of the eye 100. 
The laser source is preferably a selectable pulse length Erbium: YAG laser which generates laser 
radiation with a wavelength of 2.94. In accordance with the method of the invention, the laser 
radiation is used to cut adhesions between fibrovascular scar tissue (not shown) and the retina 
1 12. The laser radiation is preferably applied directly onto the back of the eye 1 17 using a 
delivery optical fiber having a diameter of less than 300 microns and more preferably having a 
diameter in a range of 50 to 225 microns. 

Figure 2 shows a schematic representation of a time dependent laser sequence, in 
accordance with the instant invention. The laser sequence comprises laser bursts 201 and 210 
that are preferably generated at a repetition period 202 corresponding to a range in rate of 50 to 
10 Hz and more preferably a range of 40 to 10 Hz. Higher repetition rates which can allow for 
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the ability to cut ophthalmic tissues at faster rates are contemplated in the instant invention. 

Preferably, each sequential laser burst 201 and 210 comprises a plurality of laser pulses 
203 and 203' and 213 and 213'. Each laser burst 201 and 210 preferably comprises 2-24 laser 
pulses. Sequential laser bursts 201 and 210 can be symmetrical, having the same number of laser 
5 pulses per burst or, alternatively, can be asymmetrical, having a range of laser pulses per burst. 

The laser radiation used to provide the laser sequence is preferably generated with an 
energy in a range or 0.5-200 mJ, more preferably generated with an energy around 100 mJ per 
burst and with laser fluences of 1.0 to 10 J/cm 2 per pulse, depending on the diameter and 
construction of the optical fiber(s) used. Most preferably, fluences are generated in a range of 2.0 
10 to 7.0 J/cm 2 per pulse using an optical fiber having a diameter in a range of 50 to 225 microns. 

Still referring to Figure 2, the laser pulses 203 and 203' and the laser pulses 213 and 213 f 
are preferably separated by a time 207 of less than 2.0 milliseconds and are more preferably 
separated by a time 207 in a range of 0.01 and 1 .25 milliseconds, depending on the nature of 
tissue to be cut and or coagulated. The laser pulses 203 and 203' preferably have pulse widths 
15 209 of less than 100 microseconds and more preferably have pulse widths 209 in a range of 65 to 
95 microseconds. 

With the exception of the laser method and system described herein, other operative 
procedures for the laser assisted vitreoretinal surgery, can be similar to those used for more 
traditional vitreoretinal surgery. The following example is used for illustrative purposes only and 
20 any number of other pre-operative, operative and post-operative procedures are considered to be 
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within the scope of the invention. A patient can be placed under general anesthesia or local 
anesthesia. Local anesthesia can be administered a 50:50 mixture of 0.75% marcaine and 2% 
lidocaine (approximately 5cc) to either the retrobulbar or the peribulbar. Vital signs are 
preferably monitored continuously during the procedure by a qualified person, such as a hospital 
anesthesiologist, regardless of the type of anesthesia used. 

The operative eye is preferably dilated preoperatively with a pharmacologic agent 
(e.g.,1% cyclogel, 0.25% hyoscine and 1% mydriacyl). Generally, 1 drop of each will be 
administered every ten minutes for 3 times until the eye is fully dilated. In some cases, where the 
eye does not fully dilate with medication, a retractor is necessary to fully expand the pupil. 

The surgical region around the operative eye is prepared using a standard three port 
procedure. Briefly, the operative eye is treated with a betadine solution and sterilely draped so 
that only the eye is exposed to the operative field. A Williams eyelid speculum can be used to 
hold the eyelids open. Conjunctiva can be opened at the limbus using 0.3 forceps and Wescott 
scissors in the temporal and superonasal quadrants. Bipolar cautery can then be used to control 
conjunctival and episcleral bleeding. Approximately 6.0 vicryl sutures can be passed through 
partial thickness sclera and limbal tissue and used to secure a lens ring. A 7.0 vicryl suture can 
be used to secure the infusion line in the inferotemporal quadrant 3.5 to 4.0 mm posterior to the 
limbus. 

The eye is preferably flushed with an infusion fluid during the operation. The infusion 
fluid is a physiologically buffered saline solution, such as that used for conventional pars plana 
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vitrectomies. Additional sclerotomies for right and left-hand instruments are preferably placed at 
or about the two and eleven o'clock meridians 3.5 to 4.0 mm posterior to the limbus using a 19 or 
20 gauge blade. 

Intraocular viewing can be provided by an operating microscope that includes an indirect 
5 viewing system (Volk or Biom) and a direct viewing system (e.g. Landers contact lens viewing 
system). The operating microscope is equipped with side arms to accommodate a video camera 
and observer oculars for a surgical assistant. Video camera monitor and tape may be used to 
record the operation. 

Now referring to Figure 3 a, once the view of the retina tissue is optimized using a 
10 microscope system such as the one described above, then in the step 301, FVMs are located. 

After the FVMs are located in the step 301, then in the step 303 the membranes are preferably 
classified or characterized. The FVMs are preferably classified or characterized by their 
thicknesses, their separations from the retinal tissue underneath and the type of membrane tissue 
that is present (viz. the nature of the attachments of the membranes to the surrounding 
15 ophthalmic tissue). 

The thicknesses of the membranes and the separations of the membranes from the retinal 
surface is readily accessed by inspection using the operating microscope system, such as the one 
described above. Sheet membranes, typically referred to as S-FVMs, stretch across the surface of 
the retina and exert traction at focal points of attachment that can be dislocated using a dissection 
20 technique referred to as segmentation. Plaque membranes, on the other hand, typically referred 
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to as P-FVMs, have multiple points of attachment to retinal blood vessels spaced very close 
together. The traction appears to be over a broad region of the retina. These membranes can not 
be removed by segmentation and are usually dislocated using a delamination technique. 
Depending on the thicknesses of the membranes, the separations of the membranes from the 
5 retinal surface and nature of the attachment of the membrane to the surrounding tissues, an 

operative strategy is developed in the step 305, wherein an appropriate selectable pulse length, 
laser sequence and approach angle is chosen to minimize damage to the retinal tissue. 

One of the most important considerations in developing an operative strategy includes 
ensuring that there is minimal damage to the retinal tissue. Accordingly, the laser sequence and 

10 approach angles used to treat the membrane are preferably tailored to achieve this goal For 
example, since most FVMs can be treated with an effective penetration depth of less than 1.5 
mm, preferably the laser sequence used is selected to have an effective penetration depth of 1.5 
mm or less. The effective penetration depth is herein referred to as the distance at which 90% of 
the laser light is absorbed in an aqueous solution, such as infusion fluid used during the 

15 procedure described above, a biological tissue being treated with the laser light and/or a 

combination thereof. Accordingly, when the target membrane is greater than 1.0 mm from the 
underlying retinal tissue and if the target membrane is not too thick (150 microns or less) then the 
laser radiation can be applied with an approach angle that is approximately normal to the retinal 
surface tissue in order to minimize the time required to dissect the membrane in a process 

20 referred to herein as segmentation or delamination. During segmentation the surgeon relieves 
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traction by making numerous vertical cuts between the points of attachment of the fibrovascular 
scar tissue to the retina. The actual attachments are not necessarily cut and, therefore, the 
fibrovascular membrane is not necessarily completely removed. However, if the membrane is 
located 1 .0 mm or less from the retinal surface and the membrane is relatively thick (150 microns 
5 or greater), the approach angle for the application of laser radiation is preferably parallel with the 
retinal surface or any angle directing the laser radiation upward away from the retinal surface in a 
process referred to herein as delamination. During delamination the actual points of attachment 
between the fibrovascular scar tissue and the retina are cut. Surgeons use either or both 
techniques to relieve traction and reattach the retina. Typically, membranes that are classified as 
10 plaque have positions of attachment, or close attachment, to the retinal tissue and, therefore need 
to be removed with laser radiation very near parallel with the retinal surface in the delamination 
process. In many cases a combination of angles, laser sequences(both burst and pulse 
parameters), and endo-probes are required for segmentation and delamination in a single 
operation. 

15 In order to further ensure the safety of the patient and the success of the laser assisted 

vitreoretinal surgery, prior to the step 307 of dissecting or cutting the membrane, the optical 
configuration and the laser sequence is preferably tested in the steps outlined in the block 
diagram 305, as shown in Figure 3b. 

Referring now to Figure 3b, in the step 302 the energy and fluence of the laser radiation is 

20 preferably calibrated from the end of a trunk fiber configured to transmit the laser radiation into a 
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delivery fiber, described in detail below. Calibration of energy and fluence are measured with an 
optical power meter, such as a D30MM optical power meter, available from ThorLabs (Newton, 
NJ). The use and operation of optical power meters is known. Briefly, the D30MM optical 
power meter uses a thermal pile to generate an electrical signal that is amplified and a Fluke 

5 Multimeter Type 791 1 1 measures the output. The thermal pile and amplifier are calibrated and 
traceable to NIST standards. The spectral response at 250 nm to 10.6 nm has an accuracy that is 
better than +/- 5%. With the amplifier set at a gain of 1000 the conversion is 0. 1 V/watt, the 
energy and fluence is calculated using the laser output energy, transmission, the number of pulses 
per burst, the burst repetition rate and the diameter of the fiber. 

10 After, the energy and fluence of the laser are calibrated in the step 302, then in the step 

311, the endo-probe is calibrated and tested. For example, in the step 304 an endo-probe with a 
delivery fiber is coupled to the trunk fiber. In the step 306, the firing end of the delivery probe is 
tested by exposing a piece of thermally sensitive fax paper (such as Thermal Fax paper; 3M) to 
radiation emitted from the firing end of the delivery optical fiber. A working endo-probe should 

15 transmit laser radiation through the firing end of the delivery optical fiber which corresponds to 
approximately O.lmJ/burst and which consistently produces a visible burn on the test paper. The 
energy for visible damage to thermal test paper has been measured to be 0.04 mJ/pulse, which is 
considerably lower than the threshold of retinal tissue damage. Therefore, the thermal sensitive 
paper is useful for testing the gross operation of the endo-probe used as well as the distribution of 

20 radiation and effectiveness of safety features of the endo-probe, described in detail below. 
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After the endo-probe is calibrated and tested in the step 311, then in step 308, the laser 
power and/or sequence can be adjusted to minimize potential damage to the retina taking into 
consideration the separation of the membrane(s) from the retinal surface, thicknesses of the 
membranes and the nature of the attachment(s) to the surrounding ophthalmic tissue, as 
determined in the step 303. 

The laser power and the firing sequence of the laser is preferably selected such that the 
effective penetration distance within the target tissues is 1.5 mm or less. The effective 
penetration distance can be determined by empirical methods, which can include measuring the 
absorption characteristics of the laser light in the target tissue or other similar tissue. 

Figure 4 illustrates a system 400 in accordance with a preferred embodiment of the instant 
invention. The system 400 of the instant invention is configured to generate a laser sequence 
such as described above for use in laser assisted vitreoretinal surgery. However, the system 400 
of the instant invention is contemplated to have applications for the treatment of any number of 
vascular tissues. The laser system 400 preferably comprises a system housing 401 that includes a 
laser source 402 for generating a single laser output beam 417. The laser source 402 preferably 
includes two Erbium: YAG lasers 404 and 408 which generate the laser beams 406 and 410, 
respectively. The laser beams 406 and 410 are preferably combined into the single laser output 
beam 417 having the same wavelength as the beams 406 and 410, using a galvanometer 412, 
wherein the galvanometer preferably alternates between the laser outputs 406 and 410 to produce 
the single output beam 417. 
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The system 400 also preferably includes an optical configuration 420 for directing the 
output laser beam 417 onto a target ophthalmic tissue. The optical configuration 420 is 
preferably very flexible to allow the surgeon to position the laser in any number of locations 
during an operation. The optical configuration 420 can include a housing 416 for housing and 
holding directing optics 416. Directing optics 416 can include but are not limited to, mirrors, 
lenses and fibers. Preferably, the optical configuration 420 comprises one or more flexible trunk 
fibers 430 within a fiber sleeve 417. The one or more flexible trunk fibers 430 preferably 
comprises a trunk fiber with a diameter between 200 to 500 microns which is configured to 
transmit laser radiation from the output beam 417 into one or more delivery fibers 419. 

The one or more delivery optical fibers 419 preferably comprise a sapphire or fused silica 
(glass) fiber with a diameter of less than 500 microns and more preferably with a diameter in a 
range of 50 to 225 microns. The one or more delivery optical fibers 419 are preferably very 
flexible and can bend through small angles. The one or more delivery optical fibers 419 are 
preferably coated with gold or other suitable material which can provide stabilization as the 
fibers are bent through small bending radii and which can also help to reduce light loss through 
the fiber walls. 

Preferably, the delivery fiber 419 passes through a flexible housing 433 which allows the 
surgeon to manipulate the firing end 432 of the delivery fiber 419 during laser assisted 
vitreoretinal surgery. The flexibility of the housing 433 allows the surgeon to readily change the 
approach angle of the delivery fiber 419 during laser surgery without having to change the 
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probes. 

In further embodiments of the invention, the system 400 comprises a interface 440 
coupled to the laser source 402 for selectively controlling the power and pulse sequence of the 
output laser beam 417. In use, a surgeon can select a laser sequence and pulse length from a set 
of predetermined laser sequences comprising laser bursts and pulses, as previously described, 
from a first control 441. Preferably, the surgeon can also adjust the power or laser transmission 
delivered through the firing end 432 of the delivery fiber 419, from a second control 443. 
Accordingly, the surgeon can modify the laser therapy during the surgical procedure. 

In order to facilitate the number of approach angles available to the surgeon during the 
operation, and to further reduce the potential for damage to the retinal tissue during the 
procedure, the system is preferably configured to have a set of interchangeable endo-probes, such 
as described in detail below. 

Referring to Figure 5a, in accordance with the instant invention an endo-probe 500 is 
configured with a housing 501 for securing and holding an optical fiber structure 502. The firing 
end 503 of the optical fiber structure 502 preferably extends out of the housing 501 and irradiates 
laser radiation 504 in a direction that is substantially parallel along the length axis of the optical 
fiber structure 502. Preferably, the housing 501 is flexible and/or bendable, such that the optical 
fiber structure 502 can be bent within the housing and thereby allowing laser radiation to be 
irradiated throughout a range of relative angles. 

Figure 5b shows an alternative endo-probe construction 510. In accordance with this 
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embodiment, the endo-probe 5 1 0 has a housing 5 1 1 for holding an optical fiber structure 512. 
The optical fiber structure 5 12 has a beveled region 516 that is beveled to an angle of 
approximately 30 to 45 degrees relative to the axis of the optical fiber structure 512. The 
preferred angle of the beveled region 516 can depend on the media or medium in which the laser 
is being operated (e.g. air versus liquid). In accordance with this embodiment, laser radiation 
5 14 is emitted from a firing region 5 13 on the optical fiber that is opposite the beveled region 
516 and at an angle relative to the axis of the optical fiber structure 5 12, as determined by the 
angle of the beveled region 516. The endo-probe construction 5 10 is particularly useful for 
providing the surgeon with alternative approach angles during the treatment and/or dissection of 
FVMs. Preferably, the endo-probe construction 510 is configured with a beam-blocking or 
shield structure 515 that can be integral with the housing 51 1, as shown, or alternatively can be 
separate from the housing 511. The beam-blocking structure 515 blocks unwanted forward 
propagating laser radiation and/or controls the application of laser radiation during laser assisted 
vitreoretinal surgery. The housing 5 1 1 can be flexible or bendable allowing the approach angle 
of the laser radiation 514 to be readily changed during the treatment/and or dissection of FVMs. 

Figure 5c illustrates an endo-probe construction 520 configured with a bent beam- 
blocking or shield structure 525. The endo-probe construction 520 has a housing 521 which can 
be flexible or bendable, as previously explained. The housing 521 holds an optical fiber 
structure 522 and bends to allow a surgeon to control the approach angle of the laser radiation 
524 during the treatment/and or dissection of FVMs. The optical fiber structure 522 has a firing 
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region 523 that preferably emits the laser radiation 524 at an angle relative to the axis of the body 
of the optical fiber structure 522, as determined by the angle of the beveled region 526 opposite 
of the firing region 523. The beam-blocking structure 525 curves around the beveled region 526 
of the optical fiber structure 522 in order to block unwanted laser radiation during laser assisted 
vitreoretinal surgery and assists the surgeon in the manipulation of tissue near the tip of the fiber. 
The optical fiber structure 520, like the optical fiber construction shown in Figure 5b, allows the 
surgeon to use different approach angles that otherwise can be difficult to achieve with a straight 
fiber, such as shown in Figure 5a. 

Figure 5d shows an endo-probe construction 530, in accordance with an alternative 
embodiment of the instant invention. The endo-probe 530 has a housing 531 for holding an 
optical fiber structure 532, which is preferably flexible or bendable, such as previously described. 
The optical fiber structure 532 has a firing end 533 which emits laser radiation 534 in a direction 
that is substantially parallel with the axis of the body of the optical fiber structure 532. A beam- 
blocking and/or tissue manipulation feature 535 curves around the firing end 533 of the optical 
fiber structure 532 such that the beam-blocking and/or tissue manipulation feature 535 and the 
firing end 533 of the optical fiber form a gap 536 into which the laser radiation 534 is emitted. In 
use, ophthalmic tissue can be cut by placing the ophthalmic tissue in the gap 536 between the 
firing end 533 of the optical fiber structure 532 and the beam-blocking feature 535 and exposing 
the tissue to laser radiation, as previously explained. The beam-blocking structure 535 prevents 
unwanted laser radiation from exposing surrounding ophthalmic tissue during a cutting 
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procedure. 

Figures 6a-b illustrate an endo-probe 600 in accordance with an alternative embodiment 
of the instant invention. The endo-probe 600 has an adjustable optical fiber 602 within a shroud 
structure 601. The adjustment feature of the endo-probe 600 further facilitates the ability to 
access a variety of approach angles during laser treatment of vascular biological tissues. In 
accordance with this embodiment, the optical fiber 602 is coupled to an adjuster 613 which 
allows the optical fiber 602 to be extended from and retracted within the shroud structure 601 
along the length L, of the shroud structure 601. The endo-probe 600 can also be configured with 
a finger adjustment which allows the firing end 603 of the optical fiber 602 to be adjusted such 
that laser radiation 604 can be emitted from the endo-probe 600 through a range of angles Aj, 
relative to the length L, of the shroud structure 601. The shroud structure 601 can be flexible or 
bendable, as previously explained, to further enhance the ability of the endo-probe 600 to be 
manipulated within and/or through a cavity within the body. 

The method and system of the instant invention provides a versatile laser treatment for 
preforming laser assisted vitreoretinal surgery and other surgeries that involve the treatment of 
vascular tissue. The system and method can reduce the number of steps required to perform 
vitreoretinal surgery, can allow the surgeon to reach tissue for incising or ablating which are not 
readily accessed by other means and can reduce the potential for damage to healthy ophthalmic 
tissue, including retinal tissue, while effectively treating FVMs. While the current invention has 
been described primarily in terms of performing vitreoretinal surgery, the invention is 
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contemplated to have applications in a number of different procedures for the treatment of 
biological tissues, especially for the treatment of vascular biological tissues, such as 
cardiovascular tissues, which are within a cavity of the body. Further, the system and method of 
the instant invention are also believed to be particularly useful for performing choroidal 
5 translocation, wherein healthy choroidal tissue is partially dissected from an eye and translated to 
a degenerative region of the same eye and attached thereto, while remaining partially attached to 
a natural blood supply. 

The present invention has been described in terms of specific embodiments incorporating 
details to facilitate the understanding of the principles of construction and operation of the 
10 invention. Such reference herein to specific embodiments and details thereof is not intended to 
limit the scope of the claims appended hereto. It will be apparent to those skilled in the art that 
modifications can be made in the embodiment chosen for illustration without departing from the 
spirit and scope of the invention. 
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